Multichannel Singular Spectrum Analysis (MSSA):
Example with a theoretical data
To understand how multichannel singular spectrum analysis (MSSA) extracts oscillatory modes of variability from a noisy dataset, we create a northward propagating wave with 40 days period and wavelength 30 • travelling between 8.5 • N to 37.5 • N and a westward propagating wave with 15 days period and wavelength 32 • travelling between 66.5 • E to 97.5 • E in the Indian region. The superposition of these two waves (z(x, y, t)) with an added noise in the system mimics the oscillatory pattern typically seen in summer monsoon in a simplistic way. The theoretical data is generated for 184 days (=N ) (imitating the May-October months for a year) and is given by the following formula:
where, t 1 =t − 1 and t represents time; x ∈ {1, 2, . . . , 32} and y ∈ {1, 2, . . . , 30} are points in zonal and meridional directions, receptively. Here, the idea is to see how MSSA works, atleast with a harmonic dataset and how it extracts the oscillatory behaviour present with capturing the intensity in the oscillations.
The northward and westward propagations in the theoretical data generated can be seen in Figure S1 . The time-latitude diagram in Figure S1a As evident from equation 2 here, the variance of the 40-days and 15-days periodic oscillations are almost 25 and 9 (because at every gridpoint the variability is kept same; some variation arises because of noise), respectively, atleast for June-September. So, the ratio of the power of these two oscillations is expected to be 25/9=2.78, approximately. Now, when we take the ratio of the sum of the eigenvalues associated with eigenmodes for 40-days periodic oscillation (modes 1 and 2) and 15-days periodic oscillation (modes 3 and 4) (these sums also approximately captures the area-averaged variances of the two oscillations), it turns out to be 2.80. Also, the explained variances of the 40-days and 15-days mode are almost 70% and 25% of the total variability. Which are closed to the desired values. Essentially, this indicates that we can assume that the variances explained by each of these pair of modes indicate the relative power in the corresponding oscillations in the data. We implemented this idea to calculate the strength of intraseasonal modes from actual rainfall data in the main text.
Determining the episodes of ISO: Active/break episodes
In order to determine the episode of an ISO cycle, we use the following equation:
where, t 
